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S2
Discussion S1: the formation of oxonium ions
In the modified Hummers method, the oxidation of graphite occurs in the medium of concentrated sulfuric acid. In our experiment, the concentration of sulfuric acid is 18.4 mol/L. Sulfuric acid is a strong acid with pK a =-10 and will easily donate one of its two hydrogens. After the oxygen-containing functional groups are formed on graphene surface, part of them such as epoxide group will react with excess sulfuric acid.
For example: R-O-R + H 2 SO 4 ⇋ R-OH-R + + HSO 4ˉ( 1) For the forward reaction, H 2 SO 4 is functioning as an acid, and R-O-R is functioning as a base.
For the reverse reaction, R-OH-R + is functioning as an acid, and HSO 4ˉ is functioning as a base.
For the forward reaction, pK eq = pK a acid L -pK a acid R (2) = pK a (H 2 SO 4 ) -pK a (R-OH-R + )
= -10 -(-3.6) = -6.4
From pK eq = -log K eq = -6.4, we can get K eq = 10 6.4 ≫ 1. K eq ≫ 1 indicates that the equilibrium lies to the right and favors the weaker acid.
S3
Discussion S2: verification of the intercalating-oxidation and subsequent diffusive-oxidation processes of graphite
Experimental procedure: The whole procedure was conducted at room temperature. First, 100 mL of concentrated H 2 SO 4 and 1 g of graphite were added into a 250 mL conical flask with vigorous stirring. Then, 0.5 g of KMnO 4 was added into the mixture to form electrically neutral oxidizing agent for the intercalating-oxidation of graphite. After 30 min stirring, 1 g of KNO 3 was added into the mixture to form electrophile for the diffusive-oxidation of H 2 SO 4 -GIC. 4 g of MnO 2 was subsequently added into the mixture to oxidize the reaction byproduct and form electrophile. The oxidation reaction took about one week. Finally, completely oxidized graphite oxide (without black graphite domain) could be obtained. To prepare unhydrolyzed sample, the oxidized graphite was washed as described in Section 4.2.
Sample characterization and analysis: the unhydrolyzed oxidized graphite sample was characterized with 13 C SSNMR, TGA-DSC, and XPS ( Figure S1 ). Figure S1a shows the 13 C SSNMR spectrum of oxidized product. Besides the resonance signal of C=O bond (168.8 ppm), a strong resonance signal at 135.8 ppm also appears, which can be attributed to the formation of isolated sp 2 carbon pair. The resonance signals of monosulfate and disubstituted tert-butyl sulfate are also observed at 85.8 and 75.4 ppm, respectively, indicating the relatively high oxidation degree of graphite oxide. Figure S1b shows the TGA-DSC curves of oxidized graphite, and the sample has two major weight losses. The first major weight loss happens between 150 and 170 °C due to the decomposition of the labile oxygen-containing functional groups such as hydroxyl and epoxide groups. The second major weight loss happens between 620 and 760 °C, and the 31.6% weight loss can be attributed to the loss of sulfur.
[32] Figures S1c and S1d show the XPS survey spectrum and high-resolution C 1s spectra of unhydrolyzed oxidized graphite, respectively. The atomic fractions of oxidized product are 39.18%, 46.49%, and 11.22% for C, O, and S atoms, respectively, indicating that the main oxygen-containing group is organosulfate. Meanwhile, the atomic fractions of C-C/C=C, C-O, and C=O are 61.9%, 29.1%, and 9.0%, respectively, indicating that the sample obtained with this method has a lower functional group content than that with the modified Hummers method. The feasibility of the above procedure indicates that the oxidation reaction of graphite indeed includes the intercalating-oxidation process of an electrically neutral oxidizing agent and the subsequent diffusive-oxidation process of an electrophile. 
The reaction system exhibits the feature purple color of Mn(VII).
During the preparation of unhydrolyzed oxidized graphite, we dispersed oxidized graphite in 
